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Research and Development Projects in which definite
progress occurred during the reporting period are list-
ed below in numerical order under the following sepa-
rate categoriess "Methods of Measurement and Data
Processing," "Transducers and Acoustic Materials,” and
"Measuring Systems and Instrumentation.”
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METHODS OF MEASUREMENT AND DATA PROCESSING )

Project No. AR-056

NEAR-FIELD STUDY Flauget 50

. N\
3

i Proj cien s W. J. Trott {

Lt e
B

Purpgses ¥ To study acoustic wave propagation in both the near and far
flelds of a radiator to ascertain whether the far-field characteristics of
a transducer can be determined from near-field measurementc, and to analyze
i : practical methods for using near-fleld measurements to evaluate far-fleld
performance of transducers.

SRSt 174
a8 C ncess

Ref
k- (a) W. J. Trott, "Near-Field Study," USRL Quarterly Report No. 2-62,
1 1 Project No. AR-056, page 1.
SRS (b) Heinrich Stenzel, Leitfaden zur Berechnung yen Schallvercéngsn
EHandbook for the Calculation of Sound Propagation Phenomena]
Julius Springer, Berlin, 1339). NRL Translation No. 130, page 70.

o~
PR

Progress:s The array H33 No. 4, described in reference (a), and consisting
of seven vertical lines based on binomial coefficlients for a power of 7,
i; was used to calibrate in the near sound field a 4 x 5-element array of F31
elements and a DI33A transducer in the frequency range 11 to 16 kc. Trans-
mitting current respcnse, recelving voltage sensitivity, and directivity
of both the array and the DT33A circular piston were measured by near-field
» and far-field methods. Comparison of the results 1s shown in Figs. 1 ;
i through 4.
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Fig. 1. Characteristics of a 4 x 5-element array (22 x 28 cm)
of F31 gelements as determined from near- and fur-fleld
measurements.

Fig. 2. Directivity of 4 x 5-
element array of F31 elements,
from near- &nd far-field measure-
ments. Scale: center to top of
grid squals 40 dB.
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Fig. 3. Characteristics of 23-cm~diameter circular piston DT33A
transducer as determined from near- and far-field measurements.

NEAR FELD /
N\, 1
|~ N
14 |K!
Fig. 4. Directivity of 23-cm-diameter circular piston DT33A
transducer from near- snd far-field measurements. Scalet center

to top of grid, both patterns, equals 40 dB.

The need for a special near-field measuring transducer was proved by
using a 44-cm-diameter circular plston, the F22 transducer, and pulsed
sound to make near-field measurements on the F31 array. The far-fleld
measured response and the near-field data showed a spread of as much as
6 dB in the range 10 to 30 kc. By computation of the sound pressure on
the beam axis, based on Eq. 111a, reference (b), the near-field data were
corrected to within 2 dB of the far-fleld measured sensitivity. Figure 5
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shows the measured far-field and near-field response and also the values e
computed by the use of Eq. 111a. i
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The University of Florida, Computing Center, was asked to compute the
directivity (the sum of zero-order Bessel functions) of four concentric o
! rings, adjusting the source level and the radii to suppress minor lobes. N
4 The best result for four rings is

p(e) = ZOJO(u) + 2430(0.695u) + 2130(0.400u) + 7J0(0.127u)

i it

where u = n(dy/A) sin 6, and d; is the diameter of the outer ring, con-

sisting of 20 equal point sources. Thls equation was first developed by
selecting source strengths for which the radlal density was proportional
to the Gaussian curve. A siight improvement was found by using the com-
puter. The results showed the first minor lobe 32 dB down and the second
: minor lobe 28% dB down. The Computing Center was also given an expression S
f for the sumsmation of zero-order Bessel functions for eight concentric R
rings, but for this condition the original equation was not improved upon.
: This equation is .

P(6) = 207 (u) + 247,(0.867u) + 28 J(0.734u) + 303 (0.600u) -
b + 290,(0.46T) *+ 233(0.330u) + 157,(2,2000) + 57 (0.067). 2l
s
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For this configuration the minor lobes are -27 and -334 dB. The beam
width between nulls is 35° for flve wavelengths across the array. The
directivity of an unshaded piston of diameter equal to five wavelengths
would have 284° between the nulls.

An unshaded piston represented by an equivalent sheded line agrees
with the Gausslan curve exp(-x2) for small values of x 1f the piston
radius a = 0.5. From the first iwo terms in the series expansion of the
exponential curve and the equivalent line shading, the piston has & radius
a = 0.707 for agreement, A piston as an equivalent shaded line, plus
three concentric rings, was used as a basis for making up a transducer
array for which the source strength as a shaded line equivalent matched
the distribution of the Gaussian curve. Nine examples with varlous
selections of radii for plston and rings were submitted to Martin-Marietta
Company, Computing Center, Orlando, to obtain the best confliguration to
minimize minor lobes out to a value of u = 16, where u = n(d/A) sin 9,

d = piston diameter, and 6 = angle from the beam axis. A Pace 231R analog
computer was used. One of the nine examples was set up, and the magnitude
of the area under the curve beyond the first axls crossing point was
summed. The source strengt!: and the radii of the three concentric rings
with respect to the center piston array were then adjusted until the area
curve was a minimum up to u = 16, Five equations similar in the distri-~
bution of source strength and radil resulted. An example 1s given by the
equation

p(8) = 2(64)[J, (u) J/u+237,(1.226u) +237,(1.518u) + 167 ,(1.845u).

This configuration gave 35° between nulls for five wavelengths across the
array, compared with 284° for the same number of wavelengths across the
piston, However, at the 6-dB-down points, this array has a beam width of
17° compared with 164° for a piston. This array is being constructed.

The center piston will have 64 elements and a diameter of 32# inches. The
outer ring will have a diameter of 60 inches.

TRANSDUCERS AND ACOUSTIC MATERIALS

Project No. AR-081

CAVITY-LOADED PISTON ARRAYS

Project Scientists: C. C. Sims and T. A. Henrlquez

Purpgset To study the use of tuned cavity-loaded plstons in arrays.
Reference:

(a) C. C. Sims and T. A. Henriquez, "Cavity-Loaded Piston Arrays," USRL
Quarterly Report No. 4-61, Project No. AR-081, page 10.
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Progress: The basic design of the cavity-loaded plston transducer
described in reference (a) and shown in Fig. 6 has been revised to produce
a high-efficlency projector that 1s unaffected by hydrostatic pressure.
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Fig. 6. USRL type G15 cavity piston resonator.

To eliminate the effect of hydrostatic pressure on the transducer, it
was necessary to completely fill the transducer with a fluld. The equiva-
lent circuit of the fluid-filled transducer, Fig. 7, differs from the
circuit of the unfilled transducer in that it includes a cotangent function
ZB to represent the impedance of the fluld between the piston and the back-

ing mass, and a shunt impedance to represent the fluid in the narrow space
between the tube wall and the piston.

The impedance of the fluld in the tube tends to block the motion of the
piston at the frequency corresponding to a half wavelength in the fluid
between the piston and the back mass. The motion of the fluld between the
side of the piston and the wall of the tube produces a loss that is pro-
portional to the viscosity ot the fluld. Thls loss is represented as the
serles resistance Rd in the equivalent circult,

Enlarging the clearsnce between the piston and the wall of the tube
would reduce the amount of loss, but would also allow an acoustic "short
circuit” between the face and the back of the piston., Judiclous juggling
of these two parameters is necessary to arrive at the optimum clearance
between the piston and the tube wall.

The obvious solution to the problems inherent in the fluid-filled

transducer is the use of a fluld with the viscosity and acoustic proper-
ties of water, but with very high electrical resistivity. Such an ideal
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Mg My My Mg Ry MW 3Mw

Fig. 7. Equivalent circuit for fluid-filled cavity piston reso-
nator, where Ce = electrical capacitance of fiee ceramic, Cy =

mechanical complliance of open-circuit ceramic, My = O.AMT, MT = %

¥ mm'ﬁym N e
o .
4
N,
L
anE
*
)

P total mass of ceramic stack, MB = mass ¢f back plate, Md = mass
of aluminum horn, Mw = mass of fluld in cavity, C, = compliance

' of fluid in cavity, N = transducer turns ratio, Zpq = radiation
S - load at front of cavity, Zpo = radiation load at back mass, Zy=
impedance of fluid between masses (cotangent function), Z, =
impedance of annular slit, and Rd = viscous loss in annular slit.

Y
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&j HO CASE FILLED WITH CASTOR OIL WITH
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- W anlb v
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w
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o 80 i L 1 1 IS |
3.0 40 5.0 60 7.0 8.0
. FREQUENCY IN KILOCYCLES PER SECOND
E . TRANSMITTING CURRENT RESPONSE AT ONE METER

Fig. 8. Transmitting current response at one meter, with varlous
flulds in resonator chamber.

fluid has not yet been found. In the absence of thls perfect medium, good
results have been obtained with less-than-ideal flulds. Figure 8 shows a
comparison of the response of the transducer unfilled, and filled with
castor oll. The result of the use of fluld in the tube is clearly seen in
the lowered response and the appearance of the sharp hole at the half-
wavelength frequency.
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| The effect of the half-wave condition in the tube was verified by

' placing pressure-release material at the base of the back mass, thus
shifting the phase of the wave reflected by the back mass and eliminating
the high impedance of the fluld. This phase shift moves the sharp hole
out of the frequency range of interest. The response curves of Fig. 8 are
for optimum cavity depth.

Figure 9 showg the result when the cavity is detuned. The cavity
resonance shifts away trom the mechanical resonance as the depth of the
cavity is changed from the cptimum value.

T T T e g e e g = =

Qior
w
a
=
<
x
I&_JIOO }
3 14 3
[
m 4
a,
% 90
o
F 2
i ©
o 60 1 1 J
k 3. 6.0 7.0 8.0
s FREQUENCY IN KILOGYGLES PER SECOND ;
] TRANSMITTING CURRENT RESPONSE AT ONE METER
3
F Flg. 9. Effect of cavity depth on transmitting current response.
As an example of the various flulds tested, Flg. 10 shows the charac-
teristics of the transducer when filled with mineral spirits. The adven-

tages of mineral spirits are low viscosity and high resistivity. The

disadvantages are low sound speed and the deterlorating action on rubber.

Because of the low viscosity of mineral spirits, the efficlency was high

(between B0 and 90%). To minimize the effect of the standing wave in the

tube, the distance between the back of the plston and the back mass was

3 made smaller. This step ralsed the frequency for the half-wave condition
to a value beyond the range of interest.

b In Fig. 11, the dlrectivity cf the cavity-lcaded transducer is com-
3 pared with the theoretical directivity of a plane piston in a long tube.
As yet there is no theoretical analysis explalining the significant effect
of the cavity on the directlvity. Ty

e A A s ol T et L

P

i There are several possibilities for adding flexibility to this tech-
! nlque. A cavity in the back of the transducer can be used to reduce the
back radiation, since certaln cavity depths have the effect of reducing -
the radiatlion load below that for a plane piston. High-density tungsten

o t d i o Toag rionn
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used in the back mass would allow a smaller radiating area, while keeping
the mass high.

The directivity of a resonator with a back cavity is shown in Fig. 12.
The ratioc of front cavity depth to back cavity depth is about 1:12. The
back radiation in thls case is reduced to about 9 dB below that occurring
when no back cavity is present,

(L2

6.0 KC

Fig. 12. Directivity with 3/4~inch-deep front cavity and 14-inch-
deep back cavity.

The fluid-filled chamber can also be used to aid in controlling the
resonance. A quarter weave in the chamber makes the cotangent function
zero. Between a quarter and a half wave, the impedance is a positive
reactance that can be used to lower the resonance of the vibrating system.

The work reported here has bren largely exploratory. It seems, how-
ever, that the method could be valuakle in deep-water transducer problems.

The possibility of adjusting the radlation load may also be valuable in
solving the mutual impedance problem in large arrays.
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MEASURING SYSTEMS AND INSTRUMENTATION
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Project No. AR-048

CALIBRATION RELIABILITY

Project Scientists:t W. L. Paine and H. Dennis z

Purpose: To augment existing USRL open-water calibration facilitlies and éf
provide better free-field measurement conditions for improving callbration i
accuracy and reliability.

D ey

Referencet .

(a) W. J. Trott and R. J. Bobber, "Proposed Deep-Water East Coast Sonar g
Calibrating Facility," USRL Quarterly Report No. 3-60, Project No. ;
AR-049, page 12,

L s

s

Background: A proposed east-coast deep-water calibration facility was

discussed in reference (a). The cost of the planned facility at Tilly ;
Foster Mine, near Brewster, New York, was considered too large, and the -
request {ur implementation of the proposal has been withdrawn. The USRL 3
was requested to select a Flourlda location thst would provide some of the i
advantages of the Brewster facility wlth a greater convenience of opera- !
tion by USRL. .

el

¢ il iadrs

Bugg Spring, a privately owned natural-flowing spring in the vicinity !
of Leesburg, Florida, was selected as a suitable and practicable location.
The spring was first used for acoustic purposes by personnel of David
Taylor Model Basin in January 1960 for measurement of the noise produced
; by buoyant bodies rising vertically through the water after being released i
3 o from the bottom of the spring. During 1960, the spring was used by USRL
f o to make some acoustic measurements and to check out the equipment used for
1 the evaluation of the Tilly Foster mine. The Bell Telephone Laboratories ;
: - used the spring in October 1960 for some ambient noise measurements. In )
April 1961, the USRL obtained a formal permit for exclusive use of the 3
spring, and used it intermittently thereafter for special tasks. In early
1962, funds were obtained for bullding and instrumenting an interim facil-
ity pending approval of funds for a larger installation. E

BT R T T T

PV P

Progress: Until June 1962, measuremenis at the facility were made from an
.- 8 x 20-foot catamaran raft. In the summer of 1962, a small boat dock was
installed, and a 20 x 20-foot barge with a 16 x 16~foot deck house was
i assembled and moored approximately at the center of the spring. Both the
.- dock and the barge are supported by fiber glass pontoons. The barge was
instrumented and placed in operstion in August. A photograph of the
- facility 1s shown as Fig. 13. Interior views of the mechanical and elsc-
tronic instrumentation are shown as Figs. 14 and 15.
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Fig. 13. Floating measurements platform at Leesburg facility. i
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Fig. 14. Test well and tranrsducers. i
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Fig. 15. Electronic instrumentation for lLeesburg facility.

The present facility is intended only for the calibration of small,
light transducers that require no welghi-~handling equipment. The elec-
tronic equipment is battery-powered to eliminate 60-cps interference when
making readings at low frequencies. Measurements are made with continuous-
wave signals at discrete frequencies over the range 40 to 20 000 cps.

Sweep-frequency equipment iec avallable but has not been placed in
operation. It will be modified for battery operation where necessary,
although normal a~c power wlll be used when possible to minimiz¢ battery

drain.

Two 2 x 5-foot test wells in the floor of the raft allow test distances
up to 10 feet for possible future measurements with pulsed signals. One
well is equipped with two transducer supports, each of which is mounted on
a pair of small steel guide cables 125 feet long hanging in the well. With
a 1ift cable, reel, and hand crank, a support may be moved vertically along
its pair of guide cables. The cables are kept taut and at a set distance
between transducer supports by a spacer frame and welghts.

Small hydrophones are calibrated at a short test distance to reduce
the effect of surface and other reflections that are present in low-
frequency c-w measurements., For example, the use of a test distance of
18 inches at a depth of 50 feet reduces the surface-reflected signal level
36 dB below that of the direct signal, resulting in reflection interference
of less than 0,15 dB.

UNCLASSIFIED
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UNCLASSIFIED Research and Development Projects

The dimensions of the spring are tabulated below, At an optimum loca-
tion it is possible to calibrate at short test distances and depths to 160
feet without any reflecting surface closer than 60 feet.

Depth Length Width

(ft) (ft) (ft)

{surface) O 380 320
30 300 200

50 250 175

100 200 125

150 175 100

170 100 60

(bottom) 17€ 0] 0

The water 1s lsothermaly the temperature remains at 22°C throughout
the year. Although there is a flow from the spring, there are no notice-
able currents. Ambient noise is approximately that of sea state zero, and
conslsts of wave slap and fish sounds. Because of the relatively isolated
location of the spring, there are no mechanical nolses from highwzys or
trains.,

The facility has been used for the calibration of sonobuocy hydrophones
at operating depth. Before this time, these hydrophones could not be
calibrated over the full operating range at pressure equal to 60-foot
depth without using the large anechoic tank. The hydrophones were cali-
brated in the low-frequency tank over the range 20 to 1000 cps at operat-
ing pressure. The Leesburg facility relleves the tank facilities of this
work at a considerably reduced cost per hydrophone, and with more complete

coverage of frequency.

The true transmitting response of the USRL high-fidelity sound sources
types J9 and J11 can now be measured down to their lowest operating fre-
quency. The 30-foot depth of Lake Gem Mary at the Orlando laboratory
prevented true measurements at low frequencies because of interference from
reflecting surfaces.

The year-around constant temperature and unchanging acoustic conditions
make the Leesburg facility nearly ideal for the calibration of stiandard
reference transducers,

The interim facility is not suitable for large and heavy transducers.,
A larger barge, if authorized, will be planned for measurements on trans-
ducers of dimensions to 15 feet and weight to 5 tons, for frequencles as
low as 1 kc., Near-field techniques will proLably be required.

Conclusions An interim-type barge ‘at a new deep-water locetion has aug-
mented the USRL facilities. It provides improved acoustic conditions for
speclal tests that cannot be performed at the Orlando laboratory. An
expected divlidend is the potential for improving the callbrations of
reference hydrophones to an accuracy of better than x0.5 dB,

UNCLASSIFIED
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REQUESTED rROJECTS

The projects in this section of the Report have
T been selected from projects active at the USRL
v . during the third quarter of 1962. These projects

g were undertaken in direct or indirect support of
g B the material Bureaus and Offices of the Navy

PR T
T
+

aai

o
G G e S

i Department, or have otherwise accrued under the
: mission of the USRL. The projects are listed
b - below in numerical order under the following

B I separate categories: "Shipborne Sconar Equipment,™
. "Airborne Sonar Equipment," "Fixed Sonar Equip-
ment," "Acoustic Torpedo E uipment,” “Field and
P Laboratory Measurement Equipment," "Acoustic
v Materials," and "Miscellaneous Projects.” 1

. SHIPBORNE SONAR EQUIPMENT kL

N i e

N Project No. RP-2362 (Confidential) 1

SANGAMO AN/SQS-23 ARRAY AND ELEMENTS 1

salh O

Calibration measurements were made on Sangamo Electric Company
AN/SQS—23 transducer elements in a 3 x 3 array and on eiements serials
VDS-2 and VDS-3 in conrection with Bureau of Ships contract NObsr-87281.

The project consisted of measurement in the open water, in the an-
P echoic tank as a function of hydrostatic pressure at amblent temperature,
an and remeasurement in the open water.

=
ST Y AR ot VA AT TR W TN IR T 5 B PO
. .
L]

™ Measurements on the array and on element serial VDS-2 consisted of

' transmitting current and voltage response, directivity, equivalent series
impedance, and equivalent parallel admittance. Element serial VDS-3
falled during the project.

e

§oo

Transmitting voltage response on the array at 5 kc (the operating
frequency) was 75 dB re 1 pbar at one meter, per volt applied at end of
cable. Transmitting voltage response for element serial VDS-2 was 39 dB
at 5 kc.

pe=t
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Measurements were made in the anechoic tank for the hydroststic pres-
sure range 0 to 50C wsig. The response of the array decreased 5 dB upon
the application of 500 psig, and the resonance shifted to 5.6 kc. The
response of element sexial VDS-2 was increased 6 dB by 500 psig, and the
resonance shifted to 4.7 kc. After-pressure measurements showed that the
responses of the array a the element returned toc the original livel§.

EMR

Project No. RP-2429 (Confidential)
TRANSDUCERS FOR PROJECT GLAUCUS

Evaluation measurements were made at the request of the Bureau of Ships
on one AT-200(XN-4) transducer of the AN/UQN type that had been modified by
the Edo Corporation for use in deep water.

Measurements consisted of transmitting current and voltage response at
low and high driving powers, directivity, and impedance in the frequency
range 10 to 15 kc at the water temperature 4°C and at hydrostatic pressures
to 1000 psig. At the peak frequency, 11.5 kc, the trarsmitting current re-
sponse was 110 dB re 1 pbar/A at 1 m. With 1000 psig pressure the response
decreased 9 dB at 10 k¢, and increesed 1 dB at 15 kc. (PS)

ATRBORNE SONAR EQUTPMENT

Project No. RP-2402 (Confidential)
SONOBUOYS

The noise output caused by the recorder drive motor of each of thraee
sonobuoys built by Sanders Assoclates, Inc., Nashua, New Hampshire, was
measured at the Orlando and the Leesburg faclilities of USRL.

Measurements at the Orlando Facility were made using the automatic
transmission measuring set with a 14.3-cps fllters those at Leeshurg
wcre made with an AN/PQM-{A noise measuring set.

At Leesburg, at the depth of interest, which was 60 feet below the
sonobuoy, the noise in the frequency band below 316 cps due to the sono-
buoys was no higher than the ambient of 66 to 69 dB re 0.0002 pbar. In
the band 316 to 1000 cps the noise due to sonobuoys was from 4 to 7 dB
above the ambient. In the 1000 to 3160 cps band the noise varied from
5 to 10 dB abuve the ambient., (HD)

CONFIDENTIAL
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Project No. RP-2406 (Unclassified)

o
i A—— S

CHESAPEAKE SONOBUQY HYDROPHONES

\
)
b
|
;
g § .. Calibration measurements were made at the request of the Chesapeake
A Instrument Corporation on twelve AN/SSQ-23 sonobuoy hydrophones in con-
byt nection with Bureau of Naval Weapons contracts NOw 62-0280-f and
' NOw 62-0282-f.
|

v Measurements consisted of free-field voltage sensitivity in the fre-
quency range 100 cps to 10 kc. The sensitivities were between -88 and
-90 dB re 1 V/pbar at 1.0 kc.

: Low-frequency measurements were made on serlals 7 through 12 for the ‘
b hydrostatic pressure range 0 to 45 psig at the temperatures 5, 21, and ! ﬁ

P 7? 30°C. The sensitivities of the hydrophones were unaffected by hydro- 1
X static pressure, but were 1 to 2 dB higher at 30°C than at 5°C. (EMR) »

Project No. RP-2410 (Unclassified)

GULTON SONOBUCY HYDROPHONE

e .57 P € et b R N

3 C One type AN/SSQ-23 hydrophone was callbrated at the request of the
: Bureau of Naval Weapons and Gulton Industries.

% e Free-field voltage sensitivity was measured in the frequency range
- 100 cps to 10 kc. The sensitivity of this hydrophone was -86 dB re
S 1 V/pbar at 1 kc, and -78 dB at the peak frequency, 4.5 kc. (JLT)

Lo /B bk

st

T Project No. RP-2416 (Confidential)
ST CLEVITE SONOBUOY LINE HYDROPHONES

. i Calibration measurements were made on three Clevite AX439 sonobuoy

e 1ine hydrophones at the request of the Hazeltine Corporation, in connec~
tion with Bureau of Navali Weapons contract NOw 62-0830-c. The hydro-

- phones are for use in the type AN/SSQ-45(XN-1) sonobuoys. !

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 100 cps through 10 kc. The arrays were too long to be
} measured as lines, so all measurements were made with the elements E
.- clustered. The sensitivities were between -89 and -91 dB re 1 V/pbar
over the entire range.

T LT

.
; E' Low-frequency measurements were made in the range 100 to 1000 cps for
the hydrostatic pressure range O to 800 psig, at ambient temperxature. The
T sensitivities of the hydrophones decreased by 2.5 to 3.0 dB with the ap-
3 plication of 800 psig, returning to the orlginal level when the pressure
was releasdd. (EMR)

LB . N CR U PR AU
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| Project No. RP-2425 (Unclassified)
CLEVITE SONOBUOY HYDROPHONES

Calibration measurements were made on six Clevite AN/SSQ-23 type H
sonobuoy hydrophones at the request of the Bureau of Naval Weapons and i
the General Electric Company,

Measurements consisted of free-field voltage sensitlivity in the fre- 3
quency range 100 cps through 10 kc. The sensitivities were between -85
and -86 dB re 1 V/pbar at ) kc.

Measurements at low frequency were made in the range 15 to 1300 cps
for hydrostatic pressures from O to 27 psig at the temperatures 5, 20, B
and 30°C. The sensitivitles decreased approximately 1 dB when the tem- 4
perature was decreased from 30 to 5°C. There was no significant change
with pressure. (EMR)

Project No. RP-2435 (Unclassified)
GULTON SONOBUOY HYDROPHONES

Calibration measurements were made at the request of the Bureau of :
Navil Weapens on thirteen type AN/SSQ-28 sonobuoy hydrophones manufac- ]
tured by Gulton Industrles, Inc. §

Measurements consisted of free-field voltage sensltivity in the
range 100 cps through 10 k¢, The sensitivities were between -82 and -85 :
dB re 1 V/pbar at 1 kc. (EMR) BE

Project No. RP-2436 (Confidential)

GULTON SONOBUOY LINE HYDROFHONES

Calibration measurements were made on two Gulton AN/SSQ-45(XN-1) line B K
hydrophones at the request of the Hazeltlne Corporation in connection with ‘
Bureau of Naval Weapons contract NOw €2-0830-d.

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 100 cps through 10 kc. The arrays were too lcong to be
measured as lines, so all measurements were made with the elements clustered.
The sensitivities were between -85 and -89 dB re 1 V/ibar in the range 100
cps to 1.5 kc,

i Bt 0

Low-frequency measurements were made in the range 15 to 1300 cps for
the hydrostatic pressures 6 and 27 psig at the temperatures 5, 20, and
30°C. The sensitivities increased approximately 1.5 dB when the tempera-
ture was increased from 5 to 30°C, but did not change significantly with
pressure. (EMR)

CONFIDENTIAL
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Project No. RP-2440 (Unclassified)
CHESAPEAKE SONOBUOY HYDROPHONES

Calibration measurements were made at the request of the Bureau of
Naval Weapons on six AN/SSQ-23 hydrophones model SB-154C manufactured
by Chesapeake Instrument Corporation.

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 100 c¢ps to 10 kc. The sensitivities of the hydrophones were
between -89 and -91 dB re 1 V/pbar in the range 100 cps to 1 kc. Resonant
peaks 7 dB higher than the level at 1 kc occured in the reqion 4 to.5(kc.)

DGW

Project No. RP-2441 (Unclassified)
GULTON SONOBUOY HYDROPHONES

Calibration measurements were made at the request of the Bureau of
Naval Weapons on twelve AN/SSQ-23 hydrophones manufactured by Gulton
Industries, Inc.,

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 100 cps to 10 k¢, The seasitivities of the hydrophones .
ranged from -84 to -88 dB re 1 V/pubar in the range 100 cps to 1 kc. (DGN)

Project No. RP-2444 (Confidential)
CLEVITE SONOBUOY LINE HYDROPHONES

Calibration measurements were made on three type AN/SSQ-L5(XN—1) sono-
buoy line hydrophones at the request of Clevite Ordnance Division, Clevite
Corporation in connection with Bureau of Naval Weapons contract
NOw 62-0830-c. (See also RF-2416.)

Low-frequency measurements were made in the range 100 cps to 1 kc for
the hydrostatic pressures 0, 400, 600, and 800 psig at ambient tempera-
ture. The sensitivities at O psig were -88 dB re 1 V/hbar, but decreased
2 dB with the application of 800 psig.

Open-water measurements were made on serial M103 in the range 100 cps
to 10 kc. The sensitivity was -88 dB from 100 cps to 1.5 k¢, -89.5 dB at
3 end 4 ko, and -88.5 dB from 6 to 10 kc. All measurements were made with

the elements clustered. (EMR)

CONFIDENTIAL
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Project No. RP-2450 (Unclassified)
GULTON SONOBUQY HYDROPHONES

Measurements were made on six Gulton AN/SSQ-23 sonobuoy hydrophones
submitted by the General Electric Company in connection with Bureau of
Naval Weapons contracts NOas 60-0203-f and NOw 61-~0436-f.

The measurements consisted of free-field voltage sensitivity in the
frequency range 0.1 to 10 kc. Sensitivities at 1 kc ranged from -83 to
-87 dB re 1 V/pbar. (RGA) «

Project No. RP-2451 (Unclassified)
CLEVITE SONOBUOY HYDROPHONES

Calibration measurements were made at the request of Clevite Ordnance
Division, Clevite Corporation, on three AN/SSQ-23 sonobuoy hydrophones in
connection with Bureau of Naval Weapons contract NOw-61-0436-f.

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 100 cps through 10 kc. The levels were -85 dB re 1 V/ubar
at 1 kc. (EMR)

Project No. RP-2460 (Unclassified)
TECHNICAL DYNAMICS SONOBUQOY HYDROPHONES

Measurements were made on three type AN/SSQ-23 hydrophones submitted
by Technical Dynamics, Inc., in connection with a Buresu of Naval Weapons
contract.

The measurements consisted of free-field voltage sensitivity 1n the
frequency range 0.1 to 20 kc. Sensitivities at 1 kc ranged from -76 te
-79 dB re 1 V/pbar. (RGA)

Project No. RP-2468 (Unclassified)
CLEVITE SONOBUQOY HYDROPHONES

Ca.lbration measurements were made on three AN/SSQ-ZB sonobuoy hydro-
phohes at the request of Clevite Ordnance Division, Clevite Corporation,
in connection with Bureau of Naval Weapons contract NOw 61-0436-f.

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 100 cps through 10 kc. The sensitivities were -87 dB re
1 V/pbar at 1 kc. (EMR)

UNCLASSIFIED (Reverse side CONFIDENTIAL)
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Project No. RP-2473 (Unclassified)
CHESAPEAKE SONOBUOY HYDROPHONES

Calibration measurements were made on ten Chesapeake AN/SSQ-23 sono-
buoy hydrophones at the request of the Bureau of Naval Weapons and the
General Electric Company.

Measurements vunsisted of free-field voltage sensitivity in the frequen-
cy range 100 cps through 10 kc. The sensitivities of the hydrophones were
between -86 and -87 dB re 1 V/pbar at 1 kc. (DGW)

FIXED SONAR EQUIPMENT

Project No. 2391 (Unclassified)
HYDRO-TECH HYDROPHONES

Evaluation measurements were made on four Hydro-Tech target-tracking
hydrophones at the request of the David Taylor Model Basin in connection
with the Lockheed Company contract N600(167)(57545)(X). The hydrophones
were preduced by the Hydro-Tech Company, and were intended for use in the
AUTEC Acoustic Range Project,

Measurements consisted of free-fleld voltage sensitivity and direc-
tivity in the frequency range 15 to 35 k¢ at hydrostatic pressures to
1000 psig. The free-field voltage sensitivities of the hydrophones
ranged between -90 and -95 dB re 1 V/pbar. The sensitivities were low-
ered approximately 10 dB by the application of 1000 psig pressure. (JPS)

Project No. RP-2392 (Confidential)
BENDIX~PACIFIC DX-278 AND DX-279 TRANSDUCERS

Evaluation measurements were made on two DX-278 and two DX-279 trans-
ducers designed for use as sonar beacon systems in the AUTEC Acoustic
Range, The measurements were requested by the David Taylor Model Basin
in connection with the Lockheed Electronics Company contract
N600(167)(57545) (X) .

Measurements were made under various conditions. Pressure release
materials were changed, and transformers within the transducers were
tuned to obtain optimum response and impedance. The measurements con-
sisted of directivity, efficiency, sound pressure level, and impedance at
the frequencies 2.80, 5.90, 5.95, and 6.00 kc, with hydrostatic pressures
of 71 and 643 psig and driving powers of 100 to 115 watts. Resulis of the
measurements were reported in USRL Calibration Report No. 1898. (JPS)

CONFIDENTIAL
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Project No. RP-2431 (Unclassified)
DTMB FIBER GLASS DOME

Measurements to determine the effect of a streamlined fiber glass
housing on the directivity of a small cylindrical transducer were made
at the request of the David Taylor Model Basin.

The transducer 1is normally driven once a second with a 50-kc pulse of
20 milliseconds duration. The housing, or dome, is approximately 8 inches
long, 8% inches deep, and 3% inches across the beam. The material is
1/8-inch thick.

When the transducer was driven in the normal manner, the housing had P
no adverse effect on the directivity. When a continuous wave was used, :
the effect was to produce in the directivity pattern variations of -1%4 dJB
in the forward 180° of the dome, and -2 dB in the rear 180°. Trans-
mission loss through the 1/8-inch wall was approximately 0.5 dB. (JLT)

¢ L ottt oter 1

Project No. RP-2445 (Confidential)
NMDL MINE HUNTING SONAR SYSTEM

Calibration measurements were made on a mine hunting sonar system and .
a Nimrod hydrophone at the request of the Navy Mine Defense Laboratory. )

The system consisted of a honeycombed fiber glass parabolic reflector
22 inches long, 9 inches high, and 1 inch thick, with a focal length of
14-5/16 inches, a preamplifier, a hydrophone array 8 inches long, 6 inches
wide, and 2 inches deep, and a transmitter. The hydrophone contained =
28 elements, each with a separate cable. This arrangement permitted 1
measurements to be made on the individual elements. Ly

Measurements on the system in open water consisted of directivity at
100 k¢ on elements 1 through 3, 5 through 12, and 15. Free-field voltage
sensitivity was measured in the high-frequency tank on four elements in
the frequency range 100 to 500 kc. The sensitivities of the four elements
were -88 dB re 1 V/pubar at 100 kc.

: The Nimrod hydrophone had a crystal array approximately 74 inches long
¢ and 3 inches high. The free-flooding cover for the array was aluminum with
: a pc rubber window.

Measurements on this hydrophone in the high-frequency tank consisted
of free-fleld voltage sensitivity and directivity in the XY plane at 200
kc, with and without the cover. The free-field voltage sensitivity at the
end of the 191-foot cable was -97 dB re 1 V/ubar with the cover, and -95 dB
without the cover. (DRH) .1

‘
[l
]
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Project No. RP-2447 (Confidential)

NOL EXPERIMENTAL TRANSDUCER ARRAY

. Acoustlc measurements were made at the request of the U. S. Naval
: Ordnance Lahoratory on an experimental transducer array to determine the
.t effect of hydrostatic pressure on its directivity.

. The array consisted of two 32 x 43 x #-inch rubber mats bonded to a
T 1~inch-thick steel plate, with five type BQR-4 line hydrophones mounted
vertically 7 inches apart behind the uncoated side of the plate.

e ,.,W i 2 e

et ¥

Measurements consisted of relative directivity at selected frequen- I
‘ : cies, water temperatures 3 and 25°C, and hydrestatic pressures to 600 psi. H
¥l The measurements were made with and without pressure compensation. The

’ measurements showed no change in directivity with changes in temperature 1
or pressure. (JED) y

ACOUSTIC TORPEDO EQUIPMENT

Project No. RP-2411 (Confidential) 1

NOPF MK /4 MOD O TRANSDUCERS
1] ¥

*Calibration measurements were made on two NOPF Mk 44 Mod O transducers d

. ‘ at the request of the American Machine and Foundry Company in connection i
; o with Bureau of Naval Weapons contract NOw 62-0784.

T T g e 3 .

Measurements consisted of free-fleld voltage sensitivity, and trans-
mitting current and voltage response in the frequency range 55 to 65 kc,
directivity in the XY and XZ planes, and equivalent serles impedance. R
The transmitting current response at 60.5 kc was 108 dB re 1 pbar/A at
1 yd for serial E1, and 107 dB for serial E2. (EMR)

Project No. RP-2421 (Confidential)

bl
.
ST - . S-S O

E S BENDIX-PACIFIC MK 46 TORPEDO TRANSDUCERS

3 CL Evaluation measurements were made as requested by the Bureau of Naval
4 o Weapons on two Mk 46 Mod O torpedo transducers manufactured by Bendix-
S Pacific Divisicn, Bendix Corporation, under contract NOrd-18326,

3 ‘
S it Measurements consisted of transmitting current response, sound pres-
' sure level, free-field voltage sensitivity, directivity, impedance, and
efficiency in the frequency range 20 to 40 kc.at the water temperature 25°C .

13 and at hydrostatic pressures to 660 psig. Conventional low-power tests ‘ }

[ ’ o
- ’ \ CONFIDENTIAL
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and tests at high electrical driving power werz made. Measurements were
made for the several modes of transducer operation and were reported in
USRL Calibration Report No. 1903. (JPS)

Project No. RP-2433 (Confidential)
BENDIX-PACIFIC MK 46 TORPEDO TRANSDUCER

Evaluation measurements were made as requested by the Bureau of Naval
Weapons on a Mk 46 Mod O torpedo transducer manufuctured by Bendix-Pacific
Division, Bendix Corporaticn, under contract NOrd-18326. These measurements
were a continuation of those reported under Project RP-2421.

Free-field voltage sensitivity, transmitting current response, sound
pressure level, directivity, impedance, efficliency, and receive stiffness
for the frequency range 20 to 40 kc at the water temperature 20°C and at
hydrostatic pressures to 660 psig were measured, Recelve stiffness is a
measure of the phase difference hetween the output voltages of two opposite
receiving channels as the transducer is rotated horizontally or vertically.
Conventional low-power tests and tests at high electrical driving powers
were made. The results of the measurements were reported in USRL Cali-
bration Report No. 1926.  (JPS)

FIELD AND LABORATCRY MEASL.EMENT EQUIPMENT

Project No. 2326 (Unclassified)
TR-127/WQM-3 TRANSDUCERS

Measurements were made on five transducers type TR-127/WQM-3 for use
with sonar test set AN/WQM-3, at the request of the B: reau of Ships in
connection with the POMSEE Program.

Measurements consisted of transmitting voltage response, free-field
voltage sensitlivity, and directivitiv in the XY and XZ planes in the fre-
quency range 1 to 50 kc, The free-field voltage sensitivity at 10 kc was
-108 dB re 1 V/pbar. (DRH)

Project No. RP-2403 (Unclassifled)
MASSA TRANSDUCER

Evaluation meacsurements were made on a TR16S transducer manufactured
by Massa Laboratorles and considered to be a pessible POMSEE replacement.
The transducer appears to be satisfactory for such use.

CONFIDENTIAL
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Measurements consisted of free-field voltage sensitivity, transmit-
ting current and voltage response in the frequency range 1 to 100 kc, and
directivity in the XY and XZ planes at frequencies up to 50 kc. The sen-
sitivitity was -109 dB tve 1 V/pbar in the range 5 to 30 kc. The trans-
ducer was omindirectional in the XY plane, and equivalent to a 6-inch
line in the XZ plane. (DRH)

Project No. RP-2407 (Unclassified)
ATLANTIC RESEARCH TRANSDUCER

Measurements were made on a type LC10 transducer used by Mariin-
Marietta Corporation, Orlando, Florida, to monitor the sound pressure in
a sonic cleaning tank used in connection with Bureau of Naval Weapons
contract NOw 62-0043-1i.

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 10 to 100 kc. The sensitivity was -111 to -112 dB re 1 V/ubar
in the frequency range of interest, 10 to 40 kc. (HD)

Project No. RP-2414 (Unclassified)
TECHNICAL DYNAMICS TRANSDUCER

Type 550355 transducer serial 10001 was calibrated at the request of
Technical Dynamics, Inc., to determine 1ts sultablility for use as a POMSEE
transducer.

Measurements consisted of free-field voltage sensitivity, transmitting
current and voltage response, horizontal and vertical directivity, and
equivalent series impedance in the frequency range 1 through 50 kc. Response
measurements were made at hydrostatic pressures from O to 1000 psig at am-
bient temperature. There was no change in response with pressure, but there
was an intermittent loss of signal each time the pressure was reduced from
100 to O psig. (JLT)

Project No. RP-2415 {Unclassified)
MASSA TRANSDUCER

Evaluation measurements were made on a Messa Mj55C transducer at the
request of David Taylor Model Basin. The transducer was a cylinder

9 inches long and inches in diameter, with a magnetostrictive element
designed to oparatz in the frequency range 1 to 50 kc.

UNCLASSIFIED
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UNCLASSIFIED Requested Projects

Measurements consisted of transmitting current and voltage response
and directivity in the frequency range 1 to 50 kc at hydrostatic pressures
to 700 psig. The responses during two pressure cycles showed changes of
as much as 8 dB, depending on pressure and frequency. At low hydrostatic
pressures, however, the transducer showed good projector characteristics.
The transmitting current response had a slope of approximately 10 dB per
octave above and below the peak response at 18 kc. At 18 kc and 0 psig
the transmitting current responses were 79, 71, and 67 dB re 1 pbar/A at
1 m with 1000, 2000, and 3200 feet of cable, respectively. (JPS)

Project No. RP-2417 (Unclassified)

ATLANTIC RESEARCH TRANSDUCERS

Four LC32 transducers were calibrated for the Acoustic and Pressure
Check Range, Ft. Story, Virginia.

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 2 cps to 100 kc. The sensitivities were between -103 and -104
dB re 1 V/pbar in the range 100 cps to 10 kc. (DRH)

Project No, RP-2427 (Unclassified)
CHESAPEAKE HYDROPHONES

Calibration measurements were made on Chesapeake type XT-91C hydro-
phones serials 1 through 3 at the request of the Bureau of Ships in con-
nection with contract NObsr-87358(FBM).

Measurements consisted of free-field voltage sensitivity in the fre-
quency range 100 cps to 10 kc. The sensitivities were between -88 and -89
dB re 1 V/pbar from 100 cps to 1 kc. Resonance occurred at 4.8 kc at a
level approximately 23 dB higher than the 1 kc level.

Low-frequency measurements were made at amblent temperature in the
range 10 to 1000 cps as a function of hydrostatic pressure. Serials 1
and 3 failed following the O psig measurements; serial 2 failed during
the O psig measurements that followed the release of pressure. The level
of serial 2 decreased 1.0 dB at 1000 psig. (EMR)

Project No. RP-2428 (Unclassified)
BTL 5A TRANSDUCER |

Measurements were made on a 5A transducer serial 20 for the U, S.
Naval Ordrence Laboratory.

UNCLASSIFIED
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Requested Projects UNCLASSIFIED

The measurements consisted of directivity and transmitting current and
- voltage response in the frequency range 10 to 150 kc. The transmitting
responses were normal for this type of transducer. (JPS)

Project No. LP-2430 (Unclassified)

MASSA HYDROPHONE

o Type M115A hydrophone serial 331 was calibrated at the request of the
U. S. Naval Underwater Ordnance Station.

Free-field voltage sensitivity was measured in ths frequency range
100 cps through 150 kc. The end-of-cable sensitivity was =99 dB re 1 V/ubar 1
in the range 100 cps to 20 kc. (CRB) :
Project No. RP-243/ (Unclassified)

HUDSON LARORATORIES HYDROPHONES

Calibration measurements were made on three type 2Z hydrophones at the
request of Hudson Laboratories in connection with Office of Naval Research

contract Nonr 266(66).

: Measurements consisted of free-field voltage sensitivity in the fre-
- quency range 100 cps to 20 kc, The sensitivity was approximatelvy -89 dB

re 1 V/pubar in the ranges 100 to 500 cps for the 2ZPE and 100 cps to 1 kc
e for the 2ZPF, The sensitivities of both transducers decreased by 2.5 dB
at 500 psig, and by 3.0 dB at 1000 psig. The sensitivity-.of the 2Z12F was
~-86 dB in the range 100 cps to 1 k¢, and did not change with hydrostatic
.- pressures to 1000 psig. (DGNW)

e Pt e S

a A,

Project No. RP-2439 (Unclassified)
0 HUDSON LABORATORIES HYDROPHONE

Pt - Calibration measurements were made on Hudson Laboratories hydrophone
serlal 1 at the request of the Unlversity of Miaml, Marine Laboratory, in
connection with Office of Naval Research contract NOnr 840(16). The hydro-
phone was a 6-inch cylinder of 2-inch dismeter with a ceramic element of
unspecified type and length, and an cutput trxansformer within the case.

ik e A i b

F Measurements consisted of free-fleld voltage sensitivity in the fre-
T quency range 100 cps to 20 kc. The sensitivity was between -104 and -109
a- dB re 1 V/pbar from 100 cps to 1.5 kc. {JLT)

AR LM i A 2 F - i

UNCLASSIFIED

it o ¢ e T o

XPRSWLEN S N e )

27




-

F T Y BT VT VAT T TS A IR 4% e ez e o ¢ e
! .

ol

gy
‘
e s et A,
e lF

5 UNCLASSIFIED Requested Projects

Project No. RP-2452 (Unclassified)
OCP-1 SONAR TEST SET
Calibration measurements were made on OCP-1 sonar test set serial 25%

with CBSV51112 transducer serial 608, at the request of the Bureau of Ships,
for the Argentine Navy.

Measurements consisted of correction factors for the test set, and free-
field voltage sensitivity, transmitting current and voltage respense, and
directivity of the transducer in the frequency range 3 to 40 kc. (JLt)

Sl it

)

Project No. RP-2453 (Unclassified)
POMSEE TRANSDUCERS
Measurements were made on POMSEE transducers CBZT51112A serial 1121 ,%

and TR~127/WQM-3 serial 261 at the request of the Mare Tsland * val Ship-
yard.

L s B o e

paiio £ 1

Measurements consisted of free-field voltage sensitivity and trans-
i . mitting voltage response in the frequency range 3 to 20 kc. Directivity
3 patterns were made at selected frequenclies from 3.5 to 14 kc in the hori-
' zontal plane. The f‘ree-field voltage sensitivity at 10 kc was -124.8 dB
; re 1 V/pbar for CBZT51112A serial 1121, and -108.4 dB for TR-127/WQM-3
3 : serial 261. The transmitting voltage response at 10 kc was 23.4 dB re
1 pbar/V at 1 yard for CBZT51112A serial 1121, and 19.7 dB for ;
TR-127/MQM-3 serial 261. (KLC) ;

T

Project No. RP-2456 (Unclassified)

L

ATLANTIC RESEARCH TRANSDUCERS

Five LC32 transducers were callbrated at the request of the Navy
Hydrographic Office.

Free-fleld voltage sensitivity was measured in the frequency range
100 cps to 150 kc. Four of these transducers had the normal sensitivity
of -105 dB re 1 V/ubar from 100 cps to 10 kc. PBoth the sensitivity and
the resistance of the fifth transducer were low. {JLT) }

UNCLASSIFIED '5
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Requested Projects UNCLASSIFIED

Project No. RP-2458 (Unclassified)
BM111A HYDROPHONES

Calibration measurements on three BM111A hydrophones were made at the
request of the Navy Hydrographic Office.

Measurements consisted of free-field crystal voltage sensitivity in
the frequency range 100 cps to 20 kc. The sensitivities were -76.4 = 0.5
dB re 1 V/pbar in the frequency range 100 cps to 5 kc. (RGA)

Project No. RP-2463 (Unclassified)
ATLANTIC RESEARCH TRANSDUCER

LC57 transducer serial 64 was calibrated at the request of the
Technical Research Group in connection with Office of Naval Research
contract NOnr-3208(00).

Free-field voltage sensitivity, transmitting current and voltage
response, and directivity were measured in the frequency range 100 cps to
30 kc. At 1 kc the sensitivity was -94 dB re 1 V/pbars the transmitting
current recponce was A0 dB re 1 pbar/h at 1 m. (JLT)

- oEwiewT TTT S

Project No. RP-2465 (Unclassified)
TYPE AP.A.6021 TRANSDUCER

Free-field voltage sensitivity of transducer AP.A.6021 serial B578,
property of the Admiralty Underwater Weapons Establishment, Portland,
Dorset, England, was measured to determine whether the sensitivity of the
transducer had changed since the previous calibration in November 1961,
Sensitivity in the frequency range 100 cps to 2 kc was -99 dB re 1 V/ubar,
a neglibible change from that measured previously and reported under
RP-2189 in USRL Quarterly Report 4-61.

Project No. RP-2466 (Unclassified)
ATLANTIC RESEARCH TRANSDUCERS

Two LC10 transducers were calibrated at the request of Martin-Marietta
Corporation, Orlando, Florida, in connection with Bureau of Naval Weapons
contract NOw 62-0043-1.

Free-field voltage sensitivity was measured in the frequency range
10 to 150 kc. Both transducers had sensitivities of approximately =111
dB re 1 V/pbar at 25 kc, the frequency of interest. (JLT)

(Reverse side CONFIDENTIAL) UNCLASSIFIED
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CONFIDENTIAL Requested Projects

ACOUSTIC MATERIALS

Project No. RP-2338 (Confidential)
SOUNDAMP TYPE RAL ANECHOIC MATERIAL

This project was a continuation of that reported in USRL Quarterly
Report No. 1-62 under the same project number. The earlier measurements
were made on a "round hole" type materialsy these were on a "square hole"
type.

For these measurements, as before, a 30 x 30 x #-inch-thick sample was
bonded to a 5/8-inch-thick steel plate. The measurements consisted of
per cent reflected and per cent transmitted of normally incident sound
intensity for the frequency range 8 to 15 kc, at hydrostatic pressures
to 1000 psig.

The per cent of normally incident sound intensity rzflected and trans-
mitted at two frequencies and varlous hydrostatic pressures wass

Reflection Transmission

Pressure (per cent)  (per cent)
(psig)
== 10 k¢ 15 k¢ 10 k¢ 15 kc
0 45 60 <1 <1
100 35 45 <1 <1
200 15 25 <1 <
250 10 15 <1 <1
400 15 15 2 <1
600 L5 30 4 1
800 75 45 8 2
1000 85 55 8 4

(JED)

MISCELLANEOUS PROJECTS

Project No. RP-2339 (Unclassified)
ORL EXPERIMENTAL MAGNETOSTRICTIVE FERRITE TRANSDUCER

Evaluation measurements were made at the request of Ordnance Research
Laboratory on an experimental magnetostrictive ferrite transducer. The

transducer is a piston having 16 Ferroxcube 7A2 double-dumbbell-shaped
elements arranged In a 4 x 4 array. There are two sets of windings

CONFIDENTIAL
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designated A and B. The B winding can be operated with its two halves
elther series aiding or (pposing. :

The measurements consisted of free-field voltage sensitivity, direc-
tivity, and impedance in the frequency range 10 to 30 kc at the water tem-
perature 20°C and hydrostatic pressures to 1000 psig. The free-field
voltage sensitlivities of both the A and B windings varled throughout the
frequency range, and, as the pressure increased from 0 to 1000 psig, the
peaks and dips in sensitivity shifted upward by approximately 2.5 kc. At
0 psig the sensitivities ranged from -105 dB re 1 V/ubar at 10 kc to -84 dB
at 22 kc. At 1000 psig the sensitivities ranged from -105 dB at 10 kc to
-87 dB at 20 kc. (JPS)

USRL STANDARD TRAMSDUCERS (Unclassified)

Calibration measurements were made on the following 17 USRL standard
transducerss H17 hydrophones serials 202, 204, 210, and 2173 TP210 hydro-
phones serials 1, 7, 12, and 145 LC32 transducers serials 148, 154, 179,
and 1833 F17 transducers serials 1 and 2; DT33A transducers serials 113 and
1233 and A28 hydrophone serial 4.

USRL EXPERIMENTAL HYDROPHONE (Unclassified)

Calibration measurements were made on USRL experimental hydrophone H23
serial X1.

USRL STOCK TRANSDUCERS (Unclassified)

Calibration measurements were made on the following 35 transducers for
USRL stock: FR27 transducer serial 33 J2 transducer serlal 43 J9 trans-
ducers serials 102, 106, 112, 115, 120, 206, 213, 217, and 2273 J11 trans~
ducer serlal 001; DT33A transducer serial 1053 H11 hydrophones serials 6,
20, 132, 133, 138, 141, 142, and 1433 BC32C transducer serial 95; MI15B
hydrophones serials 420, 421, and 485; TP210 hydrophones serials 3 and 113
LC32 transducers serials 147, 234, and 2373 BM101A hydrophone serlal 1303
and H17 hydrophones serials 216, 218, 221, and 228.

BUREAU OF SHIPS NOISE MEASURING EQUIPMENT PROGRAM (Unclassified)

Calibration measurements were made on the following 29 transducers
from the stock maintained by the USRL for the Bureau of Ships: DT-99/PQM-1A
hydrophones serials 28, 30, 4!, 57, 60, 79, 86, 109, 121, 149, 160, 161,
168, 170, 174 190, 195, 203, 206, 228, 267, 280, 288, 289, 218, 325, 337,
339, and 342.

UNCLASSIFIED
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o BUREAU OF SHIPS POMSEE PROGRAM (Unclassified)

Calibration measurements were made on the followlng items of equip-
! ment from the stock maintained at the USRL for the Bureau of Ships:
{ CPK51065 transducer serial 484§ CBSV51112 transducers serials 40 and
6083 CBSV51112A transducers serials 135, 137, and 20183 CBZT51112A i
transducers serials 1121 and 12653 TR-127/WQM-3 transducers serials ]
| 27, 38, 218, and 2615 and OCP-1 sonar test set serial 256,

P ——— e
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MISCELLANEOUS

JOURNAL ARTICLES BY USRL PERSONNEL

"Recliprocity Parameters Derived from Radiated Power,”" by W. James Trott.

Journal of the Acoustical Society of America, Vol. 34, No. 7, 989-990,
July 1962,

Abstract: The radiated sound power in the near and far fields of
transducers are equated to obtain the plane-wave and cylindrical-
wave reciprocity parameters from the spherical-wave reciprocity
parameter,

A reprint of this article has been distributed as USRL Research Report
No. 65 of 20 September 1962,

USRL TRANSLATIONS

"Absolute Calibration of Microphones in a

H. G. Diestel. Translation of "Absclut-Bestimmung des Ubsrtrsgungsfs
von Mikrophonen im diffusen Schallfeld," Acustica 1Q, 277 (1960). US
Translation No. 21,

+ T re sl

& st o

Diffuse Sound Field," by
ad

| N .
» LVLD

EQUIPMENT ISSUED

USRL stock transducers were issued to the following Nevy contractors on
loan for one year or for the duration of the contract, if contract duration
is less than one year:

Daystrom, Inc., Electric Division, Poughkeepsie, New York
H17 hydrophone serial 230

General Dynamics Corporation, Pomona, California
BM101A hydrophone serial 206

Gulton Industries, Inc., Metuchen, New Jersey
M115B hydrophone serial 540

The Magnavox Company, Fort Wayne, Indiana
M115B hydrophones serials 407 and 415

LC32 transducer serial 147
J9 transducer serial 132

UNCLASSIFIED
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UNCLASSIFIED Miscel]aneous

Martin-Marietta Corporation, Baltimore, Maryland
J9 transducer serial 140

Martin-Marietta Corporation, Orlando, Florida
BC32C transducer serial 95

Minneapolis-Honeywell Regulator Company, Seattle, Washington
J9 transducer serial 219
Mi15B hydrophone serial 421

The Raytheon Company, Portsmouth, New Hampshire
H17 hydrophone serial 218
TP210 hydrophone serial 11

Sparton Corporation, Jackson, Michigan
J9 transducers serials 115 and 206
M115B hydrophone serial 485

Titania Electric Corporation, Gananoque, Ontario, Canada
H17 hydrophones serials 216 and 221

USRL stock transducers were issued to the following activities on the
usual one-year loan basis:

Key West Test and Evaluation Detachment, Key West, Florida
TRi6S transaucer serial 7

Mare Island Naval Shipyard, Vallejo, California
H17 hydrophones serials 222 and 228

U. S. Naval Ammunition Depot, Crane, Indiana
.J9 transducer serial 230
M115B hydrophone serlal 505

U. S. Naval Ordnance Laboratory, White Ozk, Silver Spring, Maryland
J9 transducers serials 118 and 129

U. S. Navy Electranics Laboratory, San Diego, California
M115B hydruphone serial 425

U, S. Navy Underweter Sound Leboratory, New London, Connecticut
E8 transducer serisl 44
M115B hydrophone serial 420
TP210 hydrophone serial 3

Bureau of Ships nolse-measuring equipment was issued to the following
activities:

Charleston Nuval Shipyard, Charleston, South Carolina
DT-99/PQM-1A hydrophone serial 571

UNCLASSIFIED
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5 - David Taylor Model Basin, Washington, D. C.
‘ DT-55/PQM-1 hydrophones serials 25, 34, 37, 43, and 55

\
! Ingalls Shipbuilding Corporation, Pascagoula, Mississippi

» DT-99/PQM-1A hydrophones serials 109, 121, 149, 160, 161, and 168
o AN/PQM-1A noise measuring sets (less 400-ft reels) serials 35 and
: : 110
E AN/PQM-1A comparator serlal 18

: Long Beach Naval Shipyard, Long Beach, California
DT-99/PQM-1A hydrophones serials 174 and 190

Mare Island Naval Shipyard, Vallejo, California
DT-99/PQM-1A hydrophones serials 28 and 60

Narragansett Marine Laboratory, University of Rhode Island, Kingston,

Y e Rhode Island
] | DT-99/PQM-1A hydrophone serial 578 1

_% o Newport News Shipbuilding and Drydock Company, Newport News, Virginia
’ DT-99/PQM-1A hydrophones serials 576 and 577

é o Philadelphia Naval Shipyard, Philadelphia, Pennsylvania 3
) DT-99/PQM-1A hydrophone serial 521

S Portemouth Naval Shipyard, Portsmouth, New Hampshire
i ME-72/PQM-1A meter serial 68 9
‘ AM-765/PQM-1A amplifier-power-supply serial 68 : i
F DT-99/PQM-1A hydrophones serlials 126, 513, and 553

. U. S. Naval Engineering Experiment Station, Annapolls, Maryland
: ME-72/PQM-1A meter serial 67

AM=765/PQM-1A amp1ifier-power-supply serial 31

DT-99/PQM-1A hydrophones serials 523, 532, and 539

e g s e et e

U. S. Naval Station, Key West, Florida
b AN/PQM-1A noise measuring set serial 72
ST DT-99/PQM-1A hydrophones serials 533, 537, and 538

] o U. S. Naval Submarine Base, New London, Connecticut
o DT-99/PQM-1A hydrophones serials 30, 57, 195, and 203

USS BUSHNELL (AS-15)
AN/PQM—%A nolse mcasuring set serial 9 (less hydrophones and
cases

DT-99/PQM-1A hydrophone sarial 228

i
!é 4
1! USS PIPER (5S5-409) i
i
i

UNCLASSIFIED




UNCLASSIFIED Miscellaneous

Bureau of Ships POMSEE Program equipment was lssued to the followl)
activities:

Bureau of Ships, Code 688C, Washington, D, C,
TR-127/WQM-3 hydrophones serials 218 and 225

Mare Island Naval Shipyard, Vallejo, California
TR-127/WQM-3 hydrophones serials 216 and 261
CBSV51112A transducer serial 1121

Francisco Naval Shipyard, San Francisco, California
TR-127/WQM-3 hydrophone (no serial)

S KENNETH D. BAILEY (DDR-713)
CBSV51112 transducer serial 40

ROBERT K. HUNTINGION (DD-781)
CBSV51112A transducer serial 137

TURNER (DDR-834)
CBSV51112A transducer serial 2018

LIDDLE (APD-60)
CPK51065 transducer serial 484

CALIBRATION REPORTS 1SSUED

Calibration Reports were issued to the followlng activities during the
period covered by this Repurt:

Admiralty Underwater Weapons Establishment, Portland, Dorset, England
No. 1921, 29 Aug 1962, Type AP,A,6021 transducer serial B578

Buregu of Naval Weapons, Department of the Navy, Washington, D. C,

No. 1888, 3 Jul 1962, Sonobuoy hydrophones

No. 1889, 10 Jul 1962, Sonobuoy hydrophones

No. 1890, 5 Jul 1962, Sonobuoy hydrophones

No. 1891, 11 Jul 1962, Sonobuoys, noise calibration (Confidential
report)

No. 1893, 18 Jul 1962, Sonobuoy hydrophones

No. 1894, 19 Jul 1962, Clevite AX-439 soncbuoy line hydrophones
serials 101, 102, and 103 (Confidential report)

No. 1900, 30 Jul 1962, NOPF Mk 44 Mod O transducers serials E1
and E2 (Confidential report) '

No. 1903, 3 Aug 1962, Bendix-Pacific transducers Mk 46 (DX252)
serials 288X and 289X (Confidential report)

No. 1904, 6 Aug 1962, Sonobuoy hydrophones

No. 1905, 8 Aug 1962, Gulton AN/SSQ-45(XN-1) sonobuoy line
hydrophones serlals 2 and 3 (Confidential report)

UNCLASSIFIED
36
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No. 1906, 9 Aug 1962, Sonobuoy hydrophones

Ne. 1908, 10 Aug 1962, Sonobuoy hydrophones

No. 1910, 15 Aug 1962, Soncbuoy hydrophones

No. 1912, 16 Aug 1962, Sonobuoy hydrophones

No. 1914, R0 Aug 1962, LC10 transducer serial 218

: No. 1916, 24 Aug 1962, Sonobuoy hydrophones

' No. 1917, 24 Aug 1962, Sonobuoy hydrophones

g No. 1920, 29 Aug 1962, LC10 transducers serials 218 and 220

No. 1922, 31 Aug 1962, Sonobuoy hydrophones

No. 1924, 5 Sep 1962, Clevite AN/SSQ-45(XN-1) sonobuoy line
hydrophones serials M101, M102, and M103 (Confidential
report)

No. 1926, 10 Sep 1962, Bendix-Pacific Mk 46 (DX252) transducer
serial 291X (Confidential report)

No. 1933, 28 Sep 1962, Sonobuoy hydrophones

Bureau of Ships, Department of the Navy, Washington, D, C.
No. 1892, 13 Jul 1962, TR-127/WQM-3 transducers :
No. 1911, 16 Aug 1962, Raytheon AN/BQS-6 transducer elements 3
serials 2 and 4 (Confidential report) j
No. 1913, 17 Aug 1962, Technical Dynamics 550355 transducer
serial 10001 4
No. 1923, 4 Sep 1962, Sangamo AN/SQS—ZB transducer elements ;
serials VDS-2 and VDS-3, and array (Confidential report) ;
: No. 1929, 21 Sep 1962, Soundamp type RAL (square hole) anechoic
{ coating (Confidential report) :
; : No. 1930, 26 Sep 1962, Edo AT-200(XN-4) transducer serial X-2 ;
: (Confidential report) 3
: No. 1931, 26 Sep 1962, Chesapeake type XT-91C hydrophones
Lo serials 1 through 3
o No. 1932, 27 Sep 1962, OCP-1 sonar test set serial 256, and ;
_ CBSV51112 transducer serial 608

David Taylor Model Basin, Washington, D. C.
SR No. 1886, 2 Jul 1962, Hydro-Tech target-tracking hydrophones
{ serials "Standard", 1, 2, and 3

Hudson Laboratories, Columbia University, Dobbs Ferry, New York
No. 1901, 30 Jul 1962, Type 2Z hydrophcnes serials PE, PF, and 12F
No. 1887, 2 Jul 1962, Massa M155C transducer serial 233
No. 1898, 23 Jul 1962, Bendix-Pacific transducers DX278 serials !
1 and 2 ainid DX279 serials 1 and 2 (Confidential report)
No. 1902, 31 Jul 1962, Fiber glass housing

S DITDTTTTNNT e vt e e

o Key West Test and Evaluation Detachment, Key West, Florida et 4
S O No. 1897, 20 Jul 1962, Massa TR16S transducer serial 17 SRR D

P
A i g 35 et e L

Mare Island Naval Shipyard, Vallejo, California
No. 1915, 23 Aug 1962, CBZT51112A transducer serial 1121 and
1 TR127 transducer serial 261
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UNCLASSIFIED Miscellaneous T
o Marine Laboratory, University of Miami, Miami, Florida IR
; ‘ No. 1909, 13 Aug 1962, Pudson Laboratories hydrophone serial 1 N

e g T N T

9 Norfolk Navsl Shipyard, Portsmouth, Virginia
%‘ No. 1895, 19 Jul 1962, LC32 transducers serials 225, 227, 1N
Fo 228, and 231 P
1 f Ordnance Research Laboratozry, The Pennsylvania State University, EE
§ : University Park, Pennsylvania I
St No. 1899, 25 Jul 1962, ORL experimental magnetostrictive -1 9
¢ ferrite trensducer

Technical Research Group, Inc., Syosset, New York b E

‘i No. 1927, 10 Sep 1962, LC57 transducer serial 64

A o pamaet

U. S. Naval Ordnance Laboratory, White Oak, Silver Spring, Maryland
: No. 1896, (9 Jul 1962, 5A transducer serial 20
' No. 1928, 14 Sep 1962, ML experimental transducer array
' (Confidential report)

U. S. Naval Underwatex Oxrdnance Station, Newport, Rhode Island
No. 1907, 9 Aug 1962, M115A hydrophone serial 331

' U. 5. Navy Hydrographic Office, Washington, D, C.
£ No. 1919, 28 Aug 1562, LC32 transducers serisls 210, 213, 215,

r 217, and 219

;o No. 1925, 5 Sep 1962, BM111A hydrophones serials 101, 1C4, and 107

v. S, Navy Mine Defeinse Laboratory, Panama City, Florida
No. 1918, 28 Aug 1962, Mine hunting sonar system and Nimrod hydro- .
phone (Lonfidential report) I3

Celibration data were issued on the following 43 transducers for USRL .; b
stocks J2 transducer serial 43 J9 transducers serials 102, 105, 106, 112, '

115, 118, 120, 129, 132, 140, 206, 217, 219, 227, and 2303 J11 transducer U
S serial 0013 F27 transducer serial 33 BC32C transducer serlial 95; LC32 T
x transducers serials 147, 234, and 2373 M115B hydrophones serials 407, 415, .

420, 421, L25, 484, 505, and 5403 H17 hydrophones serials 216, 218, 221, i
22, 228, and 2303 TP210 hydrophones serials 3 and 113 BMI101A hydrophones T
serials 130 and 2063 H11 hydrophone serial 123 and E8 transducers serials nE

s 23 and 31,

‘ 4
E , Calibration data were issued on USRL expeiimental hydrophone H23 j gf
- serial X1, 1

Under the program of maintenance of noise-measuring equipment managed

E by this laboratory for the Bureau of Ships, calibration data were issued %
§ on the following 19 hydrophones: DT-99/PQM-1A hydrophones serials 28, 30, ;
? 57, 60, 79. 86, 109, 121, 149, 160, 161, 168, 170, 174, 190, 195, 203, 206, { E
i
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Miscellaneous UNCILASSIFIED

. Calibration data were issued on the following transducers under the
I Bureau of Ships POMSEE Program: CPK51065 transducer serial 4843 CBSV51112
bl transducer serial 403 CBSV51112A transducers serials 137 and 20183 and

TR-127/WQM-3 transducer serial 218.

TRAVEL

P, J. F. Prandoni, Head, Engineering Services Department, attended the

: course titled "Analysis and Design of Modern Pressure Vessels,” given at the
Unlversity of California, Los Angeles, California, during the period
15-28 July.

S T. A. Henriquez, Physiclist, Transducer Division, attended the Seminar
f Lo on Underwater Acoustics held at The Pennsylvania State University,
o University Park, Pennsylvania, from 23 to 27 July.

1 § W, J. Trott, Head, Research and Development Department, attended the
S meeting of the Navy Underwater Sound Advisory Group in Washington, D. C.,
' on 13 August. ;

J. F. Prandoni, Head, Engineering Services Department, and R. J.

o Kieser, Head, Engineering Branch, Transducer Division, attended the

1 v meeting of the Inter-Service Commlttee on Technical Facilitles held at
‘ Redstone Arsenzl, Huntsville, Alabama,on 14 and 15 August. Mr. Kieser :

gave a talk on "Construction Techniques on a Fiber Glass Sphere for f

Underwatexr Pressure Measurements." ‘

caob fﬁ;"

0. M. Owsley, Director, and E. A. Barnes, Physicist, visited the
Office of Naval Research and tii» Naval Research Laboratory in Washington, ]
D. C.,0on 6 and 7 September. :

ATTENDANCE AT TECHNICAL MEETINGS

R. J. Bobber, Head, Research Division, attended the Fourth International i
Congress on Acoustics held in Copenhagen, Denmark, from 21 to 27 August :
where he presented a paper titled “Transducer Calibration from Near-Field i
Data." At the conclusion of the Congress, he visited Saclant ASW Research
Center in La Spezia, Italy, and the Admiralty Underwater Weapons Establish- 4
ment at Portland, England. )

IEED R
OFFICIAL VISITORS

Official visitors to the USRL during the period covered by thls
Quarterly Report were:

Clark A. Sheridan, Clifton M. Wyant, J. A. Merrill, and William E.
Beasley, Bendix-Pacific Division, The Bendix Corporaticn, North
Hollywood, California
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:i UNCLASSIFIED Miscellaneous
{

E Jim H. Riley, Bureau of Ships, Washington, D. C.

' Chester Plachta, Bureau of Yards and Docks, Washington, D. C.

. Donald J. Karbo, Clevite Ordnance Division, Clevite Corporation,

o Cleveland, Ohio

i Joseph G. Carter, David Taylor Model Basin, Washington, D. C.
L S. Trebisacci, General Dynamics Corporation, Electric Boat Division,
{ Groton, Connecticut

i Wilson J. Remick and Roger J. LaVine, General Elect: ¢ Company,
Utica, New Yori:

Glenn N. Howatt, Gulton Industries, Inc., Metuchen, ew Jersey

E. J. Dressel, J. Ray McDermott and Company, Inc., New Orleans,
Louisiana

James A. Hill, North American Aviation Corpovation, Columbus, Ohio

R. I. Tompkins, Office of Naval Research (Code 360),.Bureau of Naval

; Weapons Patent Division, Washington, D. C.

p F. Robert Hill and Carl J. Zink, Raytheon Company, Newport,
Rhode Island

William H. Benedict, Robert L. Clemens, and Jack A. Siebert,

‘ Sangamo Electric Company, Springfield, Illinols

4 Jack W. Wise and A, W. Martin, U. S. Naval Oxdnance Laboratory,
Silver Spring, Maryland

J. C. Duke, Jr., and William G. Harris, Jr., U. S. Navy Mine Defense
Laboratory, Panama City, Florida

John Libuha, U. S. Navy Underwater Sound Laboratory, New London,
Connecticut
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